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of information in this report is done at the risk of the user. These risks may include catastrophic 
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Abstract 
This document serves to introduce the design team and their competition challenge, as well as to 
detail the results of the project. The original design challenge was the NASA Micro-g NExT’s 
SAVER (Surface Autonomous Vehicle for Emergency Rescue) competition; we were tasked with 
developing a self-driving water vehicle capable of delivering supplies to Orion astronauts 
separated from the rest of their crew in the case of a maritime emergency. However, we were not 
selected to go forward in this competition and thus we decided to scale down the size of the 
SAVER device to shift the focus of the project to testing and refining the technologies necessary 
for a successful future team. Additionally, our overall Cal Poly SAVER design team was split into 
two subsystems: one focused on the hull and payload of SAVER and the other focused on the 
navigation, controls, and mechatronic components. This report will detail the design process of the 
navigation and controls subsystem. Throughout the course of the project, we performed research 
on the problem at hand, outlined and refined a preliminary design through ideation and initial 
analysis. Following the downsizing of the project, we finalized the design, created prototype 
devices, and performed testing on these devices. The main body of this report details our design 
processes, as well as the manufacturing, testing, and verification of the SAVER navigation and 
controls prototype. Finally, a project management section describes our plans for handing off the 
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1 – Introduction 
This project team consisted of four senior mechanical engineering students at California 
Polytechnic State University, San Luis Obispo: Joshua Hoye, Josephine Isaacson, Tyler 
Jorgensen, and Ethan Miller. Our faculty advisor for this project is mechanical engineering 
professor Sarah Harding. We originally planned to design an autonomous watercraft for the 2021 
NASA Micro-g NExT SAVER (Surface Autonomous Vehicle for Emergency Rescue) 
competition. For this design challenge, NASA Micro-g NExT and the Orion crew need a vehicle 
capable of autonomously delivering supplies to a stranded astronaut during a maritime 
emergency. In addition to us, three other Cal Poly students (Holly Johnson, Adam Swarthout, 
and Zachary Rannalli) made up the manufacturing team for SAVER.  
However, we were not selected to move forward in the competition, and thus we decided 
to scale down the vehicle to half of the originally intended size in order to save costs and reduce 
the overall complexity of the design. Rather than focus on making this half-scale model fulfill 
every aspect of the competition’s scope, we instead prioritized creating a proof-of-concept 
device and laying the groundwork for future Cal Poly teams to succeed going forward. 
This report details the scope of the project, explains the final design decision-making 
process, overviews the manufacturing, assembly, and testing carried out by us, and outlines our 
plans for carrying on the project into the future. Overall, it will serve to present a detailed 
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2 – Background 
 This section will detail the background research completed and its relevance to our design 
challenge, as well as detail how the scope of the project changed following the choice to downscale 
SAVER. The specifics of the competition will be highlighted, similar existing solutions will be 
described, and the regulations surrounding waterborne vehicles will be identified. Finally, 
technical research surrounding the navigation and propulsion systems of SAVER will be described 
in detail. 
 
2.1 – Competition Prompt and Info Sessions 
 The foundation for this project comes from the detailed description of the design challenge 
set forth by NASA’s Micro-G NEXT program. As a part of NASA’s Artemis program, crewed 
launches will be increasing in efforts to return to the moon by 2024. With increased quantity of 
missions comes a greater risk of unplanned complications during water landings. Generally, the 
Orion capsule deploys a life raft for the crew to await the search and rescue (SAR) team; in this 
situation, there is a cause for concern that one of the members of the crew may become separated 
from the main life raft. NASA needs a way to rapidly tend to the immediate needs of an isolated 
crew member without diverting manpower from the main rescue party; therefore, NASA is 
requesting that university teams “design a surface vehicle capable of assisting astronauts in distress 
in a maritime environment, through the location and delivery of crew survival aids” (“Micro-g 
NExT 2021 Design Challenges”). 
 
2.2 – Existing Products and Procedures 
 This section details our research findings related to current products that fulfill similar 
roles as SAVER as well as the different methods these products use to accomplish their 
objectives. 
 
2.2.1 – Products 
 The hope for this project was to create a device that could act as a force-multiplier and to 
allow the SAR team to respond as rapidly as possible. With that in mind, we considered existing 
products and procedures. Unmanned aerial and marine vessel designs have been pushed forward 
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for military and research purposes, following set paths to collect data, survey regions, or protect 
from aquatic assaults. Investigating these technologies allows us to create a more robust design by 
building on top of ideas that have already been proven effective or otherwise tested.  
The US Navy developed a product similar in capability to SAVER for harbor defense 
called the “Blackfish,” seen in Figure 2.1. This device has been deployed to scout abnormalities 
in sonar readings rather than spreading resources thin by deploying a unit of soldiers (Hambling). 
It is essentially a remote-controlled jet ski with additional off-the-shelf hardware. Because jet ski 
propulsion does not allow for the vehicle to maneuver easily at low speeds, the design also 
incorporates bow thrusters.  
 
Figure 2.1. US Navy’s prototype for Blackfish, a harbor defense device used to scout and 
potentially eliminate abnormalities in sonar scanning (Hambling).  
 
Although Blackfish’s primary purpose is to detect and eliminate potential threats to harbor 
safety, products such as Hydronalix’s Emergency Integrated Lifesaving Lanyard (EMILY), seen 
in Figure 2.2, shares with SAVER the goal of deploying safety equipment to victims in distress.  
EMILY is a remote-control safety device used by lifeguards to reach victims in poor conditions 
without risk to themselves. After successfully reaching the victim, the device will deploy a life 
jacket and recovery line, much like SAVER’s need to deploy the specific safety equipment after 
reaching stranded astronauts (EMILY). Some other products that relate to SAVER’s functions 
may be found in Table 2.1. 
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Figure 2.2. EMILY remote-control rescue device by Hydronalix (EMILY). 
 
Table 2.1. List of additional relevant products. 
Product 
Name 





Remotely operated vehicle used for deep ocean exploration. Remotely 
controlled by personnel on mothership using joystick. Comprised of many 
sensors for research of deep ocean environments. 
(“ROV Deep 
Discoverer”) 
Free-Fall Lifeboat Survitec 
Manned vehicle designed to withstand being dropped from a significant 
height. Vessel contains a single propeller in the rear, and the mass distribution 
allows for it to self-right itself. 
(Survitec) 
Navy Sea Hunter Vigor Industrial 
Autonomous unmanned surface vehicle launched used for anti-submarine 




There were some important lessons to be learned from all these products; They all provided 
examples of hull shape, propulsion systems, and steering systems. Many also provided examples 
of hardware and sensors to support the navigation systems. Another interesting feature that was 
not consistent across the board was aesthetics; SAR applications tend to utilize bright, noticeable 
colors, while military applications tend to use cold colors. 
In addition to the physical properties of the boat, there are products that provide insight 
into the identification and navigation aspects of SAR. The aeronautical industry has accelerated 
the need of autonomous distress tracking (ADT) since the 2014 Malaysia Airlines Flight 370 
disappearance, whose search operation summed to $150 million. ADT technology allows the 
locating of distress signals long before deployment of human-led SAR efforts. SAVER could 
utilize ADT control systems like that of Blue Sky Network’s Hawkeye with reduced range and 
increased speed as a baseline for its autonomous action (Aerospace Testing International).  
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2.2.2 – Patents 
Research into existing patents also proved to be beneficial to our understanding of 
existing technology. These patents as well as descriptions of them are included in Table 2.2. 
 
Table 2.2. List of relevant patents. 
Number Name Company/Designer Key Characteristics Citation 
US7948439
B2 
Tracking of autonomous 
systems 
David C. Baughman 
(Honeywell International Inc.) 
A two-beacon setup transmits 
successive signals that can be 













A water environment robot 
system includes a control 
station, an underwater robot 
vehicle, and water surface 
robot vehicle. 





Richard L. K. Woodland 
An autonomous marine 
vehicle is comprised of a 
rigid hull capable of heavy-
duty applications. It uses 
various sensors and hardware 




Overboard rescue system 
Eric C. Hansen 
(US Secretary of Navy) 
A self-powered propulsion 
service vehicle delivers 
floatation devices to distress 





System and Method for 
Autonomous Tracking 
and Imaging of a Target 
Amy L. Kukulya, Thomas 
Austin, Frederic Jaffre 
(Woods Hole Oceanographic 
Institute WHOI) 
A submersible device is used 
to autonomously tag and track 






Projecting and Receiving 
Apparatus Adapted to 
Indicate or Give Warning 
of the Presence of a 
Metallic Body, such as a 
Ship or a Train, in the 
Line of Projection of 
such Waves 
Christian Huelsmeyer 
A transmitter releases waves, 
which bounce back and are 
detected by a receiver. This 
system detects the direction 











Projecting and Receiving 
Apparatus for Locating 
the Position of Distant 
Metal Objects 
Christian Huelsmeyer 
This system detects the 
proximity of a metallic body 
relative to the device by 
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Many of the patents researched were directed toward the autonomous feature of the 
marine vehicle, and thus described how an autonomous system works and the principles of path-
following capabilities and motion-controlling systems. That said, many lacked the direction-
finding capabilities needed for SAVER to fulfill its navigation functions. Early radar technology 
provided a base understanding of the principles of location-finding, and further research allowed 
for a better understanding of how to refine precision and filter noise.  
 
2.3 – Standards and Regulations 
 Autonomous marine vehicles (AMVs) have legal ambiguity when assessing risks and 
liabilities. All marine surface vehicles follow the International Regulations for Preventing 
Collisions at Sea (COLREGs) set forth by the International Maritime Organization (IMO). These 
regulations include rules for steering, lights, sounds, and most importantly, traffic (COLREG). It 
is easy to assume that AMVs need to follow these regulations, but the definition of AMVs results 
in legal ambiguity. The legal status of AMVs is explored in a Case Western Reserve Journal of 
International Law report. The report claims that a large obstacle AMVs face in decerning lawful 
operation is their sizing (Vallejo). Captain Marc Deglinnocenti of the US Coast Guard has been 
seeking regulations that apply to AMVs. Deglinnocenti outlines rules within COLREGs that 
exempt devices under 7 meters in length from normal vessel regulations (Deglinnocenti). Due to 
the size restrictions set by NASA, SAVER will not come near to this length, thus bypassing 
specific COLREGs that might complicate the system.  
 
2.4 – Technical Research 
Due to the specificity of SAVER’s purpose, a multitude of technical constraints and 
opportunities had to be considered before effective design could begin – some of which were 
prescribed by the competition host, and others which arose from analysis of the current situation.  
According to the project specifications, each astronaut was to be equipped with NASA’s 
personal locator beacon (PLB), nicknamed “ANGEL” (Jenner). This beacon transmits GPS 
location data on the international distress frequency band of 406 MHz, which is then relayed to a 
mission control center who determines an appropriate response. More importantly for SAVER’s 
design, ANGEL produces a 121.5 MHz homing frequency. Once dropped from the UAV, SAVER 
will use direction-finding technology to detect the homing frequency and calculate a bearing 
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towards the beacon (“Micro-g NExT 2021 Design Challenges.”). There are a variety of 
technologies that are used for direction-finding, such as correlative interferometry, dual-dipole 
antenna systems, loop antenna systems, and Doppler.  
 
 
Figure 2.3. NASA’s personal locator beacon, ANGEL (Mazzuca). 
 
A correlative interferometer uses an antenna system to detect the phase change of an 
incoming radio signal. These signals are then compared to a theoretical set of phase changes 
captured in the calibration of the device when no radio wave emitters are present. The difference 
between these two sets of data result in a sequence of correlation coefficients. The largest 
coefficient indicates the direction of the emitter. For example, if the correlative interferometer in 
Figure 2.4 were in use and the emitter was south of the interferometer, the bottom antenna would 
have the largest correlation coefficient. The active range that these devices detect are usually 
between 0.1 to 300 GHz (Shi). This range would prove to be problematic for SAVER because the 
121.5 MHz homing signal does not fall within that range. 
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Figure 2.4. Correlative interferometer used for direction-finding (Shi). 
 
Doppler direction-finding analyzes the doppler shift of a signal sampled by a spinning 
antenna. The operation of spinning an antenna and collecting data from it is cumbersome and 
difficult to achieve, so pseudo-Doppler analysis was created. Pseudo-Doppler analysis uses a static 
array of antennae and switches between them in rapid succession. By measuring the signal at each 
point, the system can produce similar results to the physically spinning system. These devices must 
be large in order to measure a reasonable doppler shift (Rudersdorfer). This size could mean this 
option is not viable for SAVER. 
A simple dual-dipole direction-finding system can be employed to determine orientation 
relative to the signal and thus guide location and path finding, as demonstrated by Braden Huber 
in his BYU master’s thesis (Huber). These devices find the vector difference between two sets of 
orthogonal antennae. The antenna pairs capture the signal, and a micro-controller or other 
computer system compares the characteristics of the signal such as phase, amplitude, or frequency. 
An example of these technologies is the Watson-Watt technique, which compares the amplitudes 
of the signals (Rudersdorfer).  
Researching related products and patents uncovered a myriad of viable propulsion systems 
that could be used for SAVER. The Navy’s Blackfish design uses a jet ski motor system that 
produces high speeds but has limits in its control scheme and maneuverability (Hambling). The 
Hydronolix EMILY utilizes a similar jet ski propulsion system, which minimizes risk of harm to 
victims since the impellor is hidden inside the hull (EMILY). Another viable option is using caged 
propellers, which are used most-commonly by research vessels like the Deep Discover from the 
Global Foundation of Ocean Exploration in Figure 2.5 (US Department of Commerce). The best 
design direction for the propulsion system will be further explored during the ideation and decision 
processes for SAVER. 
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Figure 2.5. Deep Discover by the Global Foundation of Ocean Exploration, with caged 
propellers on the bottom of the device (US Department of Commerce). 
 
Since this project was originally designed to create a proof of concept in a competition, 
NASA had certain given certain specifications which may not necessarily reflect its real-world 
application. One such feature is the power source requirement; SAVER could utilize onboard 
power or compressed gas and must instead use a 12V DC 25A power outlet via an umbilical tether 
(“NBL Engineering and Safety Requirements for Micro-g NExT”). However, we still designed 
with a battery in mind for hull shape, weight balancing, and to prove real-world applicability in 
the design. 
As previously discussed, SAVER was originally planned to be deployed using up to a 
Group 2 UAV, which puts considerable constraints on size and weight capacities. Generally, 
Group 2 UAVs have a maximum weight of 55 pounds, while Group 1 UAVs can only carry up to 
20 pounds (“Micro-g NExT 2021 Design Challenges”). Some of the leading UAVs in the Group 
2 category have been shown to have a payload capacity of between 22 lb and 35 lb 
(PrecisionVision 35). Given the constantly evolving nature of UAV technology as well as NASA 
allowing teams to design for Group 2 loads without penalty, it was originally planned to design 
our craft for the current upper limit of the industry for Group 1 UAVs. However, following the 
change in scope of the project, these weight restrictions were no longer considered in the final 
design. 
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3 – Objectives 
 This section details the goals of the team and the initial scope of our design problem. 
3.1 – Problem Statement 
To alleviate the need to divert power from the main rescue effort and to respond to other 
search and rescue needs more rapidly, NASA's landing and recovery team needs an autonomous 
water vehicle to help locate and aid astronauts who have been separated from their crewmembers. 
 
3.2 – Boundary Diagram 
Figure 3.1 shows how the SAVER product interacts with its environment. In this boundary 
diagram, the dotted line represents a boundary where objects inside are within design control, 
objects on the border must be interacted with but are outside of design control, and objects outside 
are beyond the need of consideration. SAVER first must interact with the signal of the ANGEL 
beacon, where it will be dropped within range of the target by an unmanned aerial vehicle (UAV) 
onto the surface of the water. It must also safely interact with the target.  
 
 
Figure 3.1. Boundary diagram showing what is within design control and how the product 
interacts with its operating environment. 
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3.3 – Quality Function Deployment 
Upon defining the product and its environments, our next step was to develop a full quality 
function deployment (QFD) diagram, also called a House of Quality, to help identify the necessary 
design specifications. The full diagram is in Appendix A of this document. This House of Quality 
identifies and organizes customers, needs and wants, competitors, and specifications for the 
product. The process of researching and relating these categories helps us to think through 
priorities, strengths, and weaknesses, as well as to have a singular place to reference this 
information. 
From the problem statement and preliminary research, we determined a full list of 
customers, or “Who’s,” involved in this process. The first is the sponsor of the project, NASA’s 
Landing and Recovery team, who had a need for the product. This product is needed to aid a search 
and rescue team to serve astronauts, making up the next two customer categories. Finally, the 
manufacturers creating the product will also be involved in the process of working with the device, 
and thus must be considered during the design phase. 
Fortunately, our sponsor needs and wants are distinctly laid out in the challenge description 
for SAVER. These are: 
• The vehicle shall be capable of being dropped from a 10-15-foot height into the maritime 
environment. 
• The vehicle shall be capable of being carried on a Group 1 (small) or Group 2 (medium), 
close range UAV. 
• The vehicle shall be capable of transporting (carrying or towing), at a minimum, the 
following items to the victim:  
a. Water (1 liter minimum - 2.5 Liters max per Human Systems Integration Standard)  
b. Medical kit (Orion 0.6 lb. kit)  
c. Spare Life Preserver Unit (LPU)*  
d. Contingency/Spare 406 MHz Second-Generation Beacon (ANGEL)  
e. Survival Radio Optionally, the following may also be included:  
f. Inflatable life raft (considering size/mass considerations)  
* Note: A pair of Orion LPU lobes with an existing, integrated ANGEL beacon may 
be used in lieu of other options for requirement c. 
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• The vehicle shall be capable of using existing equipment to detect the ANGEL beacon 
121.5 MHz homing signal in order to guide the vehicle toward the beacon. 
• The vehicle shall be capable of traveling to the person in distress via the most direct route 
in an autonomous manner, including: 
a. Unmanned operation (no local or remote human intervention)  
b. Programmed with mission profiles to address specifics of rescue scenario. 
• The vehicle shall include protections in software/hardware to ensure no harm to the crew 
upon arrival in their vicinity. 
• The vehicle must be able to float in water. 
 
From here, we identified our engineering specifications based on these needs and wants of 
the client. The specifications provide a clear design goal and a quantifiable way to test verify that 
goal is met. 
 
3.4 – Scope Re-evaluation 
These engineering specifications were critical in the formation of our initial design 
direction. However, as mentioned in the introduction and further expanded in the final design 
chapter. Cal Poly SAVER was not chosen to compete for the 2020-2021 competition year. As a 
result, we developed a new set of engineering specifications based on the knowledge we gained in 
pursuing our initial goals, with the targets and risks determined based on our practical experience 
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Tolerance Risk Compliance 
1 Beacon Bearing Angle 5% Uncertainty Max H T 
2 GPS position ± 15 feet Max L T 
3 Triangulated Distance 
± 25 ft when within 
100 ft 
Max H T 
4 Detection Consistency Above 50% at 50 ft  Min M T 
5 Detection Confidence Above 25% at 50 ft Min M T 
6 Depth Mapped Distance 
±1 foot when withing 
10 feet 
Max H T 
 
 
Compliance is the way to determine whether a design meets a specification. The methods 
and labels associated with it are Testing (T), Analysis (A), Inspection (I), or Similarity to an 
Existing Product (S). The following is how our team intends to measure each specification: 
1. The bearing to the beacon will be found by measuring the phase of the radio wave 
with four antennae and comparing the phases at each antenna. This phase data, 
along with the known geometry of the antenna placement, will allow us to calculate 
the angle to the beacon sing trigonometry. 
2. The GPS position will be measured with the GPS module attached to the Jetson and 
compared to a cell phone with GPS position data at the same location. 
3. The triangulation must be able to reliably estimate the position of the beacon to 
within 25 feet so that the close-range detection can activate within its required 
window. This will be tested. 
4. The detection consistency denotes what percentage of frames yield a successful 
detection. This will be tested. 
5. Detection confidence is the average certainty with which the neural network 
categorizes the target. 
6. Depth mapped distance is the distance estimated by the close-range detection. This 
will also have to be tested. 
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There are a significant number of high-risk specifications for this project. The first is the 
beacon bearing angle. We rated this as high risk because we are using a budget system that will 
require much of our own work to get reliable results. The triangulated distance is also high risk. 
This is simply because the uncertainty of the bearing angle also propagates into the triangulation. 
Finally, the depth mapped distance is high risk because while it is a fairly common practice, most 
commercial uses are using proprietary software to do so, and we will be attempting to create our 
own. We are deciding to devote our time to these challenges, because we believe they must be 
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4 – Concept Design 
This section details the processes we undertook to create our first concept for SAVER, as 
well as how our ideation process developed. 
4.1 – Ideation 
We took part in multiple activities to develop innovative solutions for SAVER. The 
function tree in Figure 4.1 was created in order to break the SAVER device into its functions. In 
order to get to that point, we brainstormed on the Google Jamboards found in Appendix B.  
 
Figure 4.1. Function tree for SAVER. 
 
We determined that in order to complete the main function of saving astronauts, four main 
subfunctions needed to be achieved. SAVER must: deploy from the UAV, carry the supplies for 
the victim, navigate to the victim, and administer supplies to the victim. The designs resulting from 
this ideation must perform these functions to be considered. The four functions were then 
distributed to the members of the team for concept and prototype models to be produced. These 
models can be found in Appendix C. 
To see how each model ranked against one another, we created Pugh matrices. A rating 
was given to each model based on how each preformed the given function. An example would be 
rating how well a hinged hatch design would administer the load and carry the supplies to the 
astronaut versus how a detachable payload design. The matrices can be seen in Appendix D. The 
Pugh matrices allowed us to discard any designs that could not perform their functions or meet 
certain requirements. The top five ideas for each function were put into the morphological matrix 
in Figure 4.2. 
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Table 4.1. Morphological matrix for top five ideas of each function 
 
 
Each team member then created a full concept design for SAVER using these function 
ideas. The member would choose what they thought could be a viable design for each function and 
combined them to create a complete system. Each team member created a top idea from this matrix, 
which would then be evaluated against the other designs. Idea 1 had a shaped hull with dual side 
propellers attached to pontoons, with an internal latched payload. Idea 2 featured a torpedo shape 
with jet ski propulsion and a hinged locking lid which held the payload internally. Idea 3 chose a 
shaped hull with dual side propellers and pontoons much like Idea 1, except the payload was 
strapped and buckled externally to the rear and the propellers were against the body of the hull. 
Idea 4 showcased a shaped hull with shock-absorbing pontoons, a jet ski propulsion system, and a 
hatched lid hiding the payload internally. Ideas 5 and 6 were both propelled by a jet ski system and 
latched lids for internal payloads, but Idea 5 had a shaped hull with a weighted bottom while Idea 
6 had a torpedo-like hull with two fins. Lastly, Idea 7 incorporated a torpedo-style hull with winged 
propellers and a latched lid for storing the internal payload. To compare and debate each design, 
the weighted design matrix in Appendix E was created and analyzed. Images of the designs are 
also included in that appendix. 
 
4.2 – Concept Selection 
The two designs that tied in score in the weighted decision matrix analysis were Idea 2 and 
Idea 3 – a jet-ski style propulsion system with a rudder to steer, and a dual propeller system for 
steering and propulsion. We investigated the pros and cons of both designs to come up with a 
design which combined the strengths of each. Upon discussion, we determined that the jet-ski 
design would be more difficult to control at lower speeds, due to the single motor, and 
manufacture. Additionally, this type of propulsion is less common for small craft than propellers, 
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and thus would have been more difficult to research going forward. Furthermore, the inclusion of 
two propellers for both steering and propulsion allow for a simpler controls system, since both 
forward motion and rotation could be controlled by throttling one or both propellers. Another large 
disparity between the two designs was whether the payload should be internally or externally 
mounted; the jet ski design had the payload inside of the hull while the propeller design had the 
payload mounted inside a removable container on the outside of the hull. Ultimately, we decided 
to store the payload inside of the hull to facilitate efficiency in hull and propulsion, as well as to 
eliminate to possibility of the payload separating from the hull. Additionally, this decision allowed 
us to focus their design efforts on a single hull shape rather than a hull, payload container, and 
mounting mechanism. In order to best survive the impact with the water, both designs featured a 
pointed hull. Since both designs had this feature, it was selected for the final design. Additionally, 
this pointed hull design allowed for increased hydrodynamic efficiency when interacting with the 
water. With these ideas in mind, we combined the strengths of each design and decided on a final 
concept design which features a pointed hull, two side mounted propellers for propulsion and 
steering, and an internal compartment for the payload. 
 
4.3 – Design Direction 
In December 2020, we received news that we were not selected to continue participation 
in NASA’s Micro-g NExT competition. We continued with the project but treated it as a proof of 
concept for later teams at Cal Poly to work off of. This means we worked at a decreased scale to 
simplify manufacturing and did not adhere to some of the requirements set by NASA such as the 
weight, max speed, and specific frequency for the distress beacon. The final design reflects these 
changes, but the concept design is based off the full-scale design. 
The concept design features a propeller-driven craft with a shaped hull and an internal 
storage compartment. A sketch of this concept design and our initial CAD model are shown in 
Figures 4.2 and 4.3. We also investigated using an electronically opened hatch for ease of access, 
as well as visual and auditory indicators on the craft to make it easier to locate in cases of low 
visibility but concluded that these.   
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Figure 4.2. Sketch of final design direction. 
 




1. Rigid Hull 
2. Cargo Hatch 
3. Side Mounted Propellers 
4. Lightweight Reinforcement 
5. 2-Liter Bottle for Scale 
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4.3.1 – Manufacturing 
 The manufacturing of SAVER will be divided by main subsystems of the vehicle. The 
main shell houses the key electronics, propulsion systems, and payloads required for the 
competition. This section will serve to highlight the various ways in which manufacturing 
SAVER’s shell may take place. Additionally, the components used for controlling and propelling 
the vehicle will be discussed in a later subsection.  
 
4.3.2 – Mechatronics 
Autonomy of the SAVER device will be directed by a microcontroller running in a 
multitasking configuration. This allows the device to perform beacon-locating and direction-
finding while simultaneously acting as the brain of the propulsion and steering subsystems. This 
functionality is crucial to ensure that the craft will be able to update navigation calculations without 
interrupting the execution of existing instructions.  
To accomplish tracking of the ANGEL beacon, Cal Poly’s SAVER device will utilize the 
Watson-Watt method of radio direction finding. Research on radio direction finding 
methodologies revealed that other common devices such as Doppler (or pseudo-Doppler) and 
interferometry were not suitable due to the craft’s size constraint and the frequency that is desired 
to be tracked respectively (Wei). A Watson-Watt device, however, can easily be designed to 
provide accurate and cost-effective results that meet our requirements. 
The Watson-Watt method works by using an array or loop of antennas to compare the 
phase disparities over a known area. The distress signal will induce a sinusoidal voltage in each of 
the antenna with known amplitude. Since the wavelength of the signal and the distance between 
antenna pairs are known, the difference in phase can be used to determine the orientation of the 
antenna pair to the signal origin (Rudersdorfer). To compare the voltage signals, discrepancies 
such as polarization or multipath errors must be eliminated through extensive filtering and 
calculation (Sadler). This is not a trivial step, and will take hundreds of hours of coding, testing, 
and configuration to tune. After SAVER’s microcontroller completes these processes, a bearing 
angle towards the distress beacon can be produced. A simplified schematic of the Watson-Watt 




- 20 - 
 
 
Figure 4.4. Schematic of Watson-Watt system using Adcock antenna. U1-4 are the voltage 
signals coming from the antennas, passing through a A/D converted to the computer for filtering 
and calculations (“Introduction to the Theory of Direction Finding” 33). 
 
A compilation of the bearing angles will allow SAVER to create a path to the most likely 
position of the beacon. As more bearings are collected, the position will become more accurate, 
and the path will become more up to date. Storing the path would be a necessary feature in case 
the signal from the beacon is lost. SAVER will still be able to carry out the mission by following 
its most recently updated path to the last known position, even without a consistent signal. The 
SAVER team will model this response in MATLAB to tune the path creation process before 
implementation onto the microcontroller. The path will also be pulling points for propulsion and 
steering values due to the variability of the direction-finding outputs, acting like a damper in a 
mechanical system. More research needs to be done into a microcontroller with adequate 
processing power and antennae with sufficient range for the 1 square nautical mile that SAVER 
needs to act in. 
Two thrusters will be mounted both sides of SAVER to achieve our propulsion and 
steering. The thrusters will be individually controlled to allow steering via differential power 
allocation. This will require two separate motor controllers. More extensive drag calculations and 
fluid simulations will need to be carried out before selecting the exact thruster, but the SAVER 
team intends to purchase them from a third party.  
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4.4 – Preliminary Analysis 
To get an estimate for thrust capability of the propellers, a simple drag calculation may be 
used. The specification for this device states that the maximum speed must exceed 2 meters per 
second. The hull of the device can be modeled as a stationary sphere with a drag coefficient of 0.5 
in a flow of water moving at 2 meters per second (Pritchard).  




2𝐴                                        Eq. 1 
The estimated height and width of SAVER is 1 meter by 0.3 meters. In order to simplify the model, 
the sphere will be dimensioned at a diameter of 0.4 meters to mimic the front portion of the device. 
Assuming incompressible flow and neglecting drag from the air, Equation 1 can be used with  
ρ = ρH2O = 997 kg/m
3 and frontal area, 𝐴 =
1
8
𝜋𝐷2 (Pritchard). Half the surface area of the sphere 
was used in the equation because only half of the boat is in the water. 
















𝐹𝐷 =  63 𝑁 
This means that the dual-propeller setup must produce at least 63 Newtons of thrust in order to 
achieve the required maximum speed. The thrust of propellers is usually given in units of 
kilograms, resulting in a minimum thrust capability of 3.2 kilograms per propeller. This yields 
information about the size and cost of similar propellers which can be used for initial budget and 
designs for SAVER. 
 
4.5 – Risks, Challenges, and Unknowns 
From initial analysis, we anticipate two major areas of concern regarding safety during the 
testing and operation of the vehicle, along with other factors that may arise during the construction 
and testing phases. Those areas of greatest concern are electrical isolation and propeller impedance 
during operation, as well as material safety concerns and challenges related to manufacturing, 
assembly, and testing safely during COVID-19. A full hazard analysis accompanied by potential 
solutions may be found in Appendix F. 
In order to mitigate the risk of electrical hazard we will ensure that all electrical 
components are contained within a watertight container, or “dry box,” and that all connections 
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between this dry box and the NBL are thoroughly protected against contact with water. This 
isolation and protection will be tested using a prototype of the dry box and external connection 
points with power disconnected in order to verify the safety of the design.  
Additionally, the rotating propellers providing propulsion and control of the craft could 
pose a hazard should a foreign object or any external testing equipment contact the blades. In order 
to mitigate this risk, the propellers will be protected by cage-style covers. The efficacy of the 
covers will be ensured by testing the craft in an environment with debris in order to verify that 
they prevent contact between the propellers and any foreign objects.  
 Currently, we are strongly considering using a fiberglass composite material for SAVER. 
This material, and the resin used in the fabrication process, poses certain dangers during the 
manufacturing process. We will continue to research safe practices for working with fiberglass, 
including consulting with composites professors at Cal Poly, to ensure that all potential risks are 
known and that all necessary precautions are taken. Additionally, given the current restrictions as 
a result of the COVID-19 pandemic, we will have very limited access to the fabrication facilities 
usually available on campus. With this in mind, we plan to focus the design efforts on maximizing 
the number of off-the-shelf parts and minimizing the need for specific manufacturing. 
Additionally, we will prioritize a design which can be easily manufactured and assembled in 
separate locations, based off each team members individual ability to create different parts of the 
design. Given that it will be difficult for us to meet for manufacturing and assembly, this approach 
minimizes the risk of contracting COVID-19 without preventing us from being able to manufacture 
or assemble the design. 
 Once a working prototype is fabricated, the following tests will be conducted to ensure the 
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Safety Testing Procedure: 
Electrical Shock 
1. Circuit Dry Box 
a. Fully submerge SAVER for 1 minute 
b. Remove SAVER from water 
c. Check for leaks using chlorophenol red water detection paper 
2. External Power Supply 
a. Connect SAVER to external power supply 
b. Remove SAVER from water 
c. Check external power supply connection for leaks using chlorophenol red 
water detection paper  
Propeller Impedance 
1. Waterborne Debris 
a. Operate SAVER in testing pool with small debris like that which may be 
found in the ocean 
b. Remove SAVER from water 
c. Inspect propellers for damage 
2. Propeller Strike 
a. Strike SAVER propeller guards with small piece of foam 
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5 – Final Design 
In December of 2020, we received news that we were not selected to continue participation 
in NASA’s Micro-g NExT competition. We used this opportunity to shift our focus away from 
rushing a full-scale prototype, and toward building a strong foundation to help propel future teams 
at Cal Poly to work off of. We have chosen to decrease our scale in a way that minimizes time 
spent on the simpler aspects and allows us to focus on the toughest challenges. We are also no 
longer have to prioritize adhering to certain requirements set by NASA such as the weight, 
maximum speed, and specific frequency for the distress beacon. The final design will reflect these 
changes, but the concept design was still based off the full-scale design.  
The new scale allowed for a cheaper alternative components for the design. Notably, we 
are now able to select the frequency of the distress beacon, which allows for much smaller and less 
expensive antennae to be used as compared to the original design. Additionally, we switched from 
a composite hull design to a 3D printed hull to save time, material costs, and to simplify the 
manufacturing process. An updated version of the CAD model for SAVER is shown below in 
Figure 5.1. 
For the final design with regards to electronics, it is important to focus on the concepts 
rather than the components. Due to the budget limitations and new scale, the parts showcased in 
this design report are used to provide evidence that our design could work at the full scale and with 
the proper budget. The electronic design is broken up into three subsystems that will allow SAVER 
to operate through the necessary stages: radio direction finding, proximity detection, and power 
distribution. The next sections will go through the concept of the designs and the stages the boat’s 
electronics will operate in.  
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Figure 5.1. CAD model of finalized SAVER design. 
 
5.1 – Radio Direction Finding 
In order to track the beacon once dropped, SAVER will use software-defined radio 
direction finding to calculate a bearing in that direction. As previously stated in the research section 
of the project, there are multiple ways radio direction finding can be done across a wide range of 
frequencies, but SAVER is tracking a 446 MHz signal, which is on the lower side of radio 
frequencies. This complicates the detection abilities of many devices because of its long 
wavelength. Due to this, we are limited to single-channel direction finders using amplitude or 
phase comparison technology. These technologies use an antenna array, usually consisting of four 
to seven antennae, that compare the amplitude or phase of the wave at each antenna. For SAVER, 
only four or five could possibly be used due to size constraints but would still be able to provide 
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In the case of a four antennae system running with phase comparison, the antennae will 
receive a signal from the distress beacon at four different phases of the same wave form. Figure 
5.2 shows an illustration of how this works. These phases are compared using software and known 
geometry of the antenna array to output a bearing. Using an off-the-shelf project that can perform 
these calculations and output the correct variable type with limited modification is necessary if the 
scope of the project is to stay within the mechanical engineering senior project setting. Otherwise, 
the project would need to utilize the expertise of software and electrical engineers. 
 
 
Figure 5.2. Phase difference in that each antenna sees to find direction. The colors on the phase 
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The KerberosSDR in Figure 5.3 is an off the shelf device that integrates four channels of 
software defined radio signals from four separate antennas for direction finding. The reason behind 
the choice of the Kerberos is due to its price and the accessibility of the data. Most software defined 
radio receivers can only transmit data from one antenna. The Kerberos integrate four channels that 
are accessible through one data connection, making it simpler to perform phase coherence analysis 
simpler to perform software-based phase coherence analysis. It would be possible to fabricate a 
similar device using single receivers and four antennas, but the upgrade to the Kerberos will save 
hundreds of hours of software development that is beyond the scope of this project. The downfalls 
of using the Kerberos comes from its quality. High precision radio direction finders can tally a 
price of over $5,000, but the Kerberos only runs for $300. It is more of a hobbyist tool for direction 
finding rather than precision tool that is needed on a full-scale SAVER device. That being said, 
the Kerberos is a sufficient tool for learning the ins and outs of radio direction finding and perform 
adequately for a proof of concept, which is why it was chosen for this project. 
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Because of its use in calculations for bearing, the distance between each element of the 
antenna array is critical. For the test signal of 900 MHz, each array needs to be spaced apart 100 
millimeters. This distance is calculated by converting the frequency of the signal to its 
complimentary wavelength and multiplying by the Kerberos’s spacing factor of 0.3 which is set 
by the manufacturer. This critical dimension led to the design choices for the exterior bow box in 
Figure 5.4 that will house the stereo camera system and position the antennas correctly. This device 
will be located by pins on the flat hull top to provide some height to the camera and antennas for 
better vision and reception.  
 
 
Figure 5.4. Exterior bow box housing stereo camera and positioning antennas. Uses gasket 
design for waterproofing and a polycarbonate window to allow vision for the stereo cameras 
but still provide waterproofing. The hole of top will be filled with a waterproof wire pass 
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5.2 – Close Range Navigation 
Once SAVER approaches the target, triangulation no longer becomes viable, so we depend 
on the image recognition and depth mapping system. This system works by analyzing an image to 
recognize the astronaut, and then calculate a distance by comparing this image to the image 
produced by a second adjacent camera. We chose to use this method because without a visual 
recognition, it would be very difficult to determine whether a detected object is actually an 
astronaut, or nothing more than a wave or debris. Additionally, using stereoscopic depth mapping 
is advantageous because it only requires that the astronaut be within view of the camera, and the 
recognition can be used to pinpoint the location of the astronaut within the field of view easily. By 
contrast a method such as an ultrasonic sensor would not be able to discriminate in the distance it 
provides. We also considered the use of a thermal sensor instead of a visual system, but the 
interference due to the cold water makes such an approach impractical. 
This system will activate when the triangulation software estimates that the device is within 
50 feet of the astronaut. Our initial research showed that we should be able to get the distance to 
within about a foot of uncertainty, which is necessary if we are going to position SAVER close 
enough to the astronaut. 
The requirements of the SAVER’s microcontroller led to the choice of NVIDIA’s Jetson 
Nano. The Jetson met the more basic requirements of being able to utilize a stereo camera with its 
two CSI camera connectors and being powerful enough to run simultaneous software to interact 
with the Kerberos in testing. The main justification for the Jetson for this project, however, is its 
ability to efficiently run a detection network due to its graphics heavy architecture. NVIDIA has 
created an AI capable of finding an array of objects within an image, including humans, through 
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Figure 5.5. Image recognition done by the Jetson. Contains probability calculation 
results with each person. 
 
By combining this AI with a stereo camera, image recognition can be used on one of the 
camera outputs to find the astronaut in the water, and a depth mapping program can be run by 
utilizing both cameras. These stereo cameras, like the one in Figure 5.6, work on the same principle 
that a person's eyes use for depth perception.  
 
Figure 5.6. Stereo cameras that will be used for image recognition and distance finding. 
 
 To build our depth maps, we decided to go with an OpenCV based depth mapping code. 
OpenCV is an opensource computer vision library that has many powerful tools for our 
application. We decided to use this library due its vast user base and python support, allowing us 
to stay consistent in our programming language. One of the algorithms available in OpenCV is the 
“Semi Global Block Matching” algorithm, which compares recognizable blocks in both images to 
calculate the disparity between them. The closer the object, the greater the disparity between 
images. Using this information, we can then calculate the distance to the object based on the known 
distance between the cameras. 
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5.3 – Propulsion and Power 
SAVER will use the principle of the dual thruster system with differential power system 
that allows turning in the water by supplying a different amount of power to each thruster. Two 
thrusters will be mounted to the sides of the hull and be powered through individual electric speed 
controller which will allow for the differential power steering. A smaller duty cycle voltage output 
from the microcontroller to the speed controller will be upscaled to the proper power input needed 
by the thrusters from a single lithium-ion battery. The battery will also power the Kerberos and 
Jetson with the use of battery eliminator circuits or BECs. BEC’s were created for RC vehicles to 
step down power to a particular voltage and amperage to eliminate the need for running multiple 
power units in a small form factor device. This power system will allow for portability of the boat 
which will save time during testing.  
After the speed requirements were dropped from the project, thruster selection became 
more based off price rather than thrust. A lower end thruster allows us to test the validity of the 
steering and navigation principles at a lower speed and price. 
The 3-blade 12-volt propeller in Figure 5.7 is an RC boat propeller from the brand 
Yuenhoang and is capable of exceeding the minimum thrust requirements for the half scale device. 
The minimum thrust was found by performing a rough drag calculation for how much drag the 
vehicle would experience at 2 meters per second, the maximum speed requirement that was 
originally defined by NASA. While we no longer have to test whether this speed may be reached, 
it gives us a good ball-park value to shoot for to prove the concept works. This drag force, whose 
governing equations are located in Section 4.4, is found to be 12.4 Newtons for the reduced vehicle 
size. One of the chosen propellers is capable of providing 29.43 Newtons of thrust at full power 
which will be plenty for testing. These thrusters also feature an enclosed design which protects the 
blades from debris and the user from the blades. 
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Figure 5.7. 3-blade Yuenhoang propeller thrusters. 
 
 SAVER will use a generic 12-volt 3S lithium-ion battery. The 3S type corresponds to the 
maximum current output which exceeds the power needed for full thrust from the Yuenhoang 
propeller thrusters. For testing, SAVER will be in a wired configuration to lengthen operating time 
using a 12V power supply capable of at least 10 Amps. Figure 5.8 shows a brief overview of how 
each piece of the electronics in SAVER will interact in power distribution and information transfer.  
 
Figure 5.8. Overall schematic of electronics in SAVER. The brain of the operation will be the 
NVIDIA Jetson. This will act as the microcontroller for the differential power system between 
the thrusters and the battery (1), run custom software to compare signal phase from the 
KerberosSDR and antennas (2), and utilize its preloaded artificial intelligence in junction with 
a stereo camera (3). 
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5.4 – Stages of Operation 
To get from the drop location to deploying the payload to the astronaut, SAVER will run 
through a sequence of four stages. Once dropped, SAVER will go through an initialization stage. 
A sequence of lateral movements will allow the initial bearings to be read from the radio direction 
finding Kerberos and the beginnings of a triangulation survey to be conducted. The triangulation 
software will calculate the possible point the beacon is located along with a confidence interval. 
SAVER will then start its next stage using only direction finding to navigate.  
Once an initial bearing is found, SAVER will move at a 5-degree offset from that bearing 
and store it in memory along with the current GPS data. Over time this record of previous bearings 
and GPS locations will be used to triangulate the position of the beacon. From this data a 
probability zone will be calculated for the beacon location in real time. This zone will shrink the 
more data SAVER collects, but this method is fundamentally limited in its accuracy due to the 
uncertainty in bearing angles, which when compounded with the small angles that are being 
worked with, lead us to design a third stage of navigation. An example of how this will be 
performed is shown in Figure 5.9. 
 
Figure 5.9. Simulation showing graphically the triangle created using the two 
bearing angles and the line segment generated by the difference in position. See 
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Since direction finding is only effective outside a particular range, the team needed to find 
a way to accurately measure the distance to the target so that SAVER can reliably position the 
payload 3 feet from the astronaut. When SAVER is within a range of 50 feet of the high probability 
zone, the third stage will begin. Navigation in this stage will be taken over by image recognition 
software searching the waters in front of the boat for the astronaut. SAVER will use artificial 
intelligence paired with a stereo camera to find the astronaut and the distance to them. This pairing 
will be able to find the location of the astronaut at a much higher precision than the direction-
finding triangulation. The final stage begins when SAVER is within 3 feet of the astronaut. All 
power to the thrusters will be cut for safety purposes and the device will wait for the astronaut to 
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6 – Manufacturing 
 This portion of the report will highlight the processes we followed to manufacture our 
verification prototype. The smaller scope of the project allowed us to focus more of our efforts on 
creating functional versions of each necessary component of the system, rather than a unified 
single prototype. For example, the radio beacon signal was changed to 915 Hz in order to be more 
easily detected by the KerberoSDR system. Additionally, the motors and propellers used to drive 
SAVER were reduced in size to coincide with the lessened thrust requirements. The original 
manufacturing plan for the mechatronics subsystem is shown below in Table 6.1. However, we 
ended up spending far more time working on the code needed to refine the KerberoSDR and 
NVIDIA Jetson camera systems than initially anticipated, and as a result, some of the planned 
manufacturing operations were not performed due to a lack of time. These changes to the original 
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6.1 – Electronics 
Kerberos and NVIDIA Jetson: 
The Kerberos and Jetson were originally planned to be bolted into their appropriate 
locations within the internal dry box. However, these systems were never fully integrated 
into the dry box, as we spent most of our time refining and tweaking parameters of these 
components instead of focusing on mounting them and having the different components 
interact.  
As a result, the Kerberos was kept inside of a small cardboard box with its four 
antennae glued to the top. When operated, the Kerberos would be attached to a laptop to 
read the data and an outlet for power. Similarly, the Jetson was kept in a small cardboard 
box and attached to power and a monitor when in use. 
Cameras: 
We originally intended to bolt the camera to the bow box with screws and thread 
the CSI ribbon cable through the thin slit in the dry box, and then fill this slit with silicone 
to prevent leakage. However, as mentioned above, the cameras were instead attached to 
the Jetson in the same small box and were never mounted into the bow box due to time 
constraints. 
Power Train: 
The original plan for the thrusters included securing the motor controllers, battery, 
and battery eliminator circuit in their appropriate places as per the wiring diagram and 
connecting each of the components to their appropriate system within the dry box. 
However, we ended up connecting the thrusters directly to plug-in power instead of a 
battery and used a potentiometer and the electronic motor controllers to change the speed 
of the thrusters. After this proof-of-concept circuit was created, the thrusters were 
transferred to the hull and payload team, as they would be integrating them into the hull. 
Antennas and Antenna Frame: 
Below is listed the modified plan used to create and frame to hold the antennas and 
mount them on the bow box. However, for the reasons discussed above, this frame was 
mounted on the cardboard box holding the KerberoSDR instead of the originally planned 
3D printed bow box.  
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1. Print the antenna frame in PLA filament, oriented with the bottom on the printing bed. 
2. Remove any support material and inspect for defects. 
3. Slip the antenna frame over the 4 antennas to secure them to the frame, then use duct tape 
to attach the frame to the top of the cardboard box housing the KerberoSDR. 
4. Run all 4 antenna wires through the open end of the box and plug them into the 
KerberoSDR. 
 
6.2 – Manufacturing Update 
In sections 6.3-6.5 below, we have listed the original plans for manufacturing the bow box, 
internal dry box, and camera shield. However, given the previously mentioned circumstances and 
heavy focus on SAVER’s electronics, we ultimately decided to forgo the manufacturing of these 
components. The manufacturing steps listed below are the procedures we would have taken to 
manufacture these components if able. 
 
6.3 – Bow Box 
Bow Compartment: 
3D Printer 
1. Print bow compartment in PLA filament, oriented with the open end on the 
printing bed. 
2. Remove any support material and inspect for defects that might cause leakage. 
Fill or reprint, as necessary.  
Spray Coating 
3. Place the compartment open end down in a well-ventilated area and prepare 
surface for spray coating. 
4. Tape off the camera cutout as to not affect seal later in assembly. 
5. Coat the plastic evenly until none of the original print is visible. 
Nuts 









1. Print bow backing in PLA filament, oriented with the side that mates with the 
bow compartment on the bed of the printer. 
2. Remove any support material and inspect for defects that might cause leakage. 
Fill or reprint, as necessary.  
Spray Coating 
3. Place the backing mating surface down in a well-ventilated area and prepare 
surface for spray coating. 




1. Cut the camera shield to size as per the part drawing. 
2. Remove any burrs with a deburring tool or by sanding. 
Once finished, place a small bead of epoxy around the edge of the shield and set it into 
the camera cutout on the bow box. 
 
6.4 – Internal Dry Box 
3D Printer 
1. Print the dry box and lid in PLA filament, oriented with the bottom on the printing 
bed. 
2. Remove any support material and inspect for defects that might cause leakage. 
Fill or reprint as necessary. 
Heat Set Inserts 
3. Set the threaded inserts in the printed holes and bring them flush with the plastic 
using a soldering iron. 
4. Fill the sealing lip with a thin, uniform layer of silicone to help further seal the 
box when closed. Install the waterproof cable glands in each of the openings. 
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6.5 – Propulsion 
Although initially we expected to be responsible for the propulsion system, the 
manufacturing team eventually took charge of the subsystem. 
 
6.6 – Maintenance and Repair 
The original plans for the maintenance and repair of SAVER are listed below. However, 
these concerns never were an issue for us, as our manufacturing process did not develop this far. 
• Should any electronics become exposed to water, they will be immediately powered off 
and dried. If damage is already done, then we will have to consider looking into third party 
maintenance assistance or alternative ways to test the design without that specific 
component. Great care will be taken to avoid this possibility, however. 
• Some maintenance wear concerns, especially for the battery, threads, coatings, and gaskets, 
may be assumed negligible for the span of time that we will be working on the device. It 
would take years for these to deteriorate, but theoretically they would be able to be replaced 
over time with the current materials used. 
 
6.7 – Safety 
The main safety hazards on this vehicle originally included potential pinch-points, potential 
electric shock, and impact with the SAVER vehicle. However, the only risk that we faced over the 
course of this project was potential electric discharge, as the other concerns related to 
manufacturing operations, or fell under the scoop of the hull and payload team.  
The safety of the customer has been addressed earlier in this document, however the safety 
of the manufacturers and testers has not. In order to keep us safe from manufacturing injuries, 
appropriate measures were taken. All manufacturing involved minimal use of electronic tools, and 
those that did require it (such as soldering) were done with the company of someone in their living 
space in a well-ventilated area, with appropriate measures and awareness being practiced avoiding 
cuts and burns. As is good practice in any workspace, devices were not left running unattended, 
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6.8– Cost 
 As far as monetary cost, the mechatronic components of SAVER required approximately 
$700. Each SAVER team was allocated $500 from Cal Poly, and the combined cost of both 
SAVER teams did not exceed $1000. We (the mechatronics team) were allowed to use some funds 
from the payload team because the cost of the electronic hardware we needed was substantially 
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7 – Design Verification 
This chapter describes how the SAVER Navigation and Controls will test the final design 
and how the results of these tests were to be interpreted. Additionally, it will lay out the testing 
procedure used for each specification as well as the processes for performing, documenting, and 
validating each test. 
 
7.1 Bearing System 
 This subsystem refers to the long-range detection system of navigating via the signals 
emitted by the beacon. This comprises of three main stages, direction finding, obtaining position, 
and triangulation. The results of testing these criteria are summarized in the following sections.  
 
7.1.2 – Direction Finding 
The KerberosSDR device was the central equipment of the first test we performed. In order 
for the whole of SAVER to work properly, the Kerberos must be able to reliably measure the 
bearing to the distress beacon within ± 5°. This will allow for the triangulation software to still get 
a reasonable data set to pinpoint the beacon location. The first test involving the Kerberos is the 
bearing test that will prove whether it falls within the specified tolerance. With the beacon placed 
in the middle, data points were taken from the Kerberos at known angles and compared to the 
outputted data. The data from the Kerberos is read off of the direction of arrival graph shown in 
Figure 7.1. 
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Figure 7.1. Window output from the KerberosSDR software with bearing on the x-axis and 
signal strength on the y-axis. This allows us to estimate the bearing, which is represented at the 
peak of this graph. 
 
The Kerberos is very sensitive to interference from the beacon signal bouncing off large 
objects like buildings and will greatly affect the data during tests, making large open fields as the 
test location critical. An important discovery was found while conducting this test. Because the 
Kerberos is a hobbyist product for introduction into radio direction finding, the bearing tolerances 
were much higher than expected. So much, in fact, that the data taken during the test was extremely 
random and inconclusive. There is a chance that this could have also been caused by the signal 
strength of the beacon, but due to money and time restraints, that possibility could not been tested 
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7.1.2 – Positioning System 
Another specification that was tested was the ability of SAVER to identify, track, and 
update the current GPS location of the device. This test was performed by taking the SAVER 
device, integrated with the Adafruit Ultimate GPS module, into the Cal Poly recreational fields. 
The device was then powered on, attached to a laptop computer, and moved to several locations 
throughout the field. At each of these locations, the latitude and longitude location output from the 
GPS module was recorded with the laptop; additionally, a smartphone was used to record the GPS 
location at each of these points. Figure 7.2 shows these points on a latitude/longitude plot. 
 
 
Figure 7.2. – GPS location data gathered from both a cellular device, and SAVER. 
 
The largest disparity, excluding one outlier, was at 31 feet and the smallest measuring two 
feet. We suspect that the variance is primarily due to the method used to obtain a GPS location 
from the cellphone, which introduced a degree of human error in placing a pin on the map. Given 
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7.1.3 – Triangulation 
The final test involving the Kerberos tests the beacon tolerance along with the triangulation 
software. The software compares the intersecting points of the bearing lines as SAVER would 
move along a path. Complex point cloud analysis tries to find the location of the beacon within a 
20-foot radius. Similar to the bearing test, the Kerberos is used to collect data at known points 
compared to the beacon and locating is performed as each one of the data collections points. Due 
to time constraints and complications with other aspects of the prototype, only a basic version of 
the triangulation software could be created and tested via visual inspection. Due to the inaccuracy 
of the Kerberos, the software could not get a reasonable estimation for the beacon. When 
reasonable data is given to the software, it can get estimate the beacon location within a 30 to 50-




Figure 7.3. Mapping and triangulation software output. The intersecting lines 
show the possible beacon position while the red dot is the actual position.   
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7.2 – Visual System 
 This section contains the testing procedures used to evaluate the efficacy of our close-range 
navigation system by conducting tests on its two major components – object detection and depth 
mapping. Since this system is designed activate when we start to approach the target the tests are 
geared toward ranges within 100 feet. The results of testing these two components are summarized 
in sections 7.2.1-7.2.2. 
 
7.2.1 – Object Detection 
As described in the final design, the detection network we are using analyzes each frame, 
and outputs the bounding box of any known objects, along with the how confident it is in that 
categorization. To get a better understanding of how well the system is able to pick a person out 
of an image, we programmed the system to output both the number of frames in which the device 
obtained a successful detection out of the past 100 frames, and the average confidence of these 
detections. The results of testing this program at 10 ft increments is summarized in Table 7.1 and 
plotted in Figure 7.4.  
Table 7.1. Object Detection Raw Data 
Distance [ft.] Consistency [%] Confidence [%] 
10 100 97 
20 96 100 
30 100 69 
40 100 47 
50 96 33 
60 20 24 
70 0 - 
80 0 - 
90 0 - 
100 0 - 
 
 














 The most striking part of this data is the way the consistency rapidly drops to 0 after about 
50 feet. This however is made clear when considering that this neural network requires that we set 
a minimum confidence in order for a detection to be triggered. For this run the minimum 
confidence was set at 20%. Therefore, we can conclude that while at 60 feet, the average 
confidence was 24%, 80 of those frames fell below the detection threshold. After 60 feet, all 
confidence fell below 20% resulting in no detections. 
For our application, these results are pleasing. The cameras are able to detect a human in 
almost all frames when within 50 feet, at an average confidence of 33%. This is well within our 
benchmark of 50% consistency at 25% confidence. After this the confidence drops below our 
desired levels, but overall, this test has proved the detection system to be effective. 
It is worth noting that while conducting this test, we saw the confidence change 
significantly when the target assumed certain positions. For example, confidence jumped to nearly 
100% at 30 feet when the target raised their arms. It is also worth noting that confidence dropped 
when the lighting put a dark body against a dark background. Fortunately, in the open ocean, 
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7.2.2 – Depth Mapping 
The second part of this system is the depth mapping, which takes the input from two 
separate cameras mounted horizontally and compares them to calculate depth. After the distortion 
is removed from the images, the software compares the edges and features present in each photo 
to calculate a disparity and uses this disparity alongside the focal length of the lens, and the distance 
between the cameras to calculate a distance. The output of this program can be visualized with a 
map where brightness indicated depth. One such map is illustrated in Figure 7.5 
 
 
Figure 7.5. – Stereo camera outputs (top) along with the calculated disparity (bottom left) 
and subsequently estimated depth map (right). 
 
Unfortunately, this process has proven more complex than anticipated and has not yielded 
reliable results. As seen in the figure, while the edges appear to be working, the map is dominated 
by gaps. Many hours were spent tuning the individual parameters of this algorithm, but none 
yielded a more favorable result. The complications appear to be a combination of hardware 
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limitations, and a deep level of software integration that is beyond the scope of our project. 
However, this project has succeeded in proving the viability of using object recognition in 
conjunction with depth mapping for our application, as the two ran together successfully. This 
code can be found as “main2.py” within the Visual System folder. As we will discuss in the 
conclusion, the knowledge we have obtained has allowed us to identify proprietary 
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8 – Project Management 
This section details how we organized tasks and delegated responsibilities, as well as 
laying out our plans to transfer our hardware to next year’s SAVER team. 
 
8.1 – Overview 
The bulk of this project ended up being focused on research and development of the critical 
components that will be needed to help next years’ team succeed. The implementation of radio 
beacon finding was a much bigger challenge than we ever anticipated, and although the 
KerberoSDR performed well, it was not able to perform at a high enough resolution needed for 
the competition. Similarly, the stereo camera depth mapping and identification was a large 
challenge for us. Although we saw some promising results, the amount of time needed to create a 
fully integrated prototype with all of the subsystems operational proved to be unattainable this 
year. Overall, we learned a lot about the underlying technologies needed to succeed in competition, 
and the work that we have done will serve as a valuable proof-of-concept for next year’s team. 
 
8.2 – Testing 
The testing we performed was ongoing and adaptive, rather than performed all at once. 
Systems like the stereo camera depth mapping and KerberoSDR range finding required lots of fine 
tuning, and as such were tested in a variety of different configurations over the course of spring 
quarter. However, we were never able to achieve fully satisfactory results from these tests, largely 
due to the limited capabilities of such a low-cost system, and the complexity of such components. 
Ultimately, we hope that what we have learned from our testing will be a useful resource for next 
years’ SAVER team.  A full description of the testing performed is available in Appendix H. 
 
8.3 – Future of the Project 
The 2020-2021 SAVER team will be transferring all of our hardware, software, and 
documentation to the next Cal Poly SAVER team, starting in Fall 2021. We hope that the 
knowledge we have gathered throughout this past year will be put to good use in the future and 
help the next team towards success.  
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9 – Conclusions and Recommendations  
 The SAVER Electronics team was able to create workable subsystems for the radio 
direction finding, proximity detection, and power distribution, but compiling them into a coherent 
prototype proved to be more difficult than expected. At the time of the projects downscale, we 
were unaware that proceeding with cheaper products meant more custom software would have to 
be produced to get them to work for SAVER. Instead of reducing the project size, the downscale 
greatly increased the scope of the project beyond the bounds of our formal education, dipping into 
the realm of software engineering. By the time these conditions were realized, our budget was 
nearly gone, and time was dwindling, so we had to proceed and produce what we could with the 
resources acquired. Much of our time was lost producing and debugging code for the subsystem 
processes, leaving no time to produce software that could integrate all the parts. In the end, we are 
happy with strides made during this project and the lessons learned, even though the final system 
was not fully completed. The subsystems will allow future teams to have working devices to learn 
from along with the advice and research from the current SAVER team. All of us gained 
experience with the vast range of topics intertwined in this project, but arguably the most important 
lesson was pushing through unexpected difficulties that come from the design process.  
 
9.1 – Recommendation for Direction Finding 
 A myriad of discoveries was found when researching direction finding antenna systems 
and working with the KerberosSDR. If the SAVER project is to stay within the scope of 
mechanical engineering at Cal Poly, the only option to achieve the resolution needed for the device 
to work properly would be buying a third-party antenna system that comes with software. 
Otherwise, the team needs a group of software and electrical engineers to work with because the 
technical education needed to produce such systems are not encompassed in the ME degree. The 
custom software needed to get SAVER working Advanced antenna systems used for direction 
finding can cost upwards of $10,000 or more due to the accuracy they can produce and the 
proprietary software they come with. The Kerberos does come with some software, but the 
accuracy of the system falls short of specification for SAVER. It is a product that is more geared 
towards radio hobbyists, rather than something that can be used for engineering purposes. That 
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being said, the Kerberos is a phenomenal learning tool and will allow future teams to introduce 
themselves with radio direction finding technology. 
 
9.2 – Recommendation for Proximity Detection 
There were two subprocesses within the proximity detection: the image recognition and 
depth mapping. The NVIDIA powered AI image recognition that comes with the Jetson found us 
great success in its capabilities. It was able to pick up a human out of the water within 50-feet, and 
we believe that with more calibration, it could easily find an astronaut in the water for SAVER. 
Overall, we would recommend the Jetson Nano and AI software for object detection regardless of 
the method used for finding the distance to the target. 
The depth mapping with stereo cameras, on the other hand, is a more complicated story. 
We focused mostly on using OpenCV’s block matching to achieve our goals, and many hours were 
spent trying to dial in parameters to no avail. There are however other programs that might be 
worth investigating, however, it is very difficult to say how accurate they will be until significant 
time is sunk into them. Overall, we recommend using a product specifically designed for stereo 
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Appendix C: Preliminary analysis 
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Appendix D: Drawing Package and Specifications Sheets 
SAVER Mechatronics Indented Bill of Materials: 
  
 
- D2 - 
 



























1. NVIDIA Jetson 
2. KerberosSDR 
3. Maswell Whip Antenna 
4. IMX219-83 Stereo Camera 
5. iFlight Micro BEC (Battery Eliminating Circuit) 5V 3A 
6. Yuenhoang 12V Underwater Thruster 
7. Myswift ESC (Speed Controller) 40A  
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(1) NVIDIA Jetson Specification Sheet: 
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(3) Maswell Whip Antenna Specification Sheet: 
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(4) IMX219-83 Stereo Camera Specification Sheet: 
 
 
- D15 - 
 








- D17 - 
 







- D18 - 
 
(7) Myswift ESC 40A (Speed Controller) Specification Sheet: 
 
 









Appendix E: Fully Annotated Code 
The fully annotated code for this project can be found in the “CAD & Software Files” 
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Appendix J: User Manual 
Introduction  
This user’s manual will serve to lay out the procedures necessary to set up and operate the 
SAVER device electronic components. Please read all safety information prior to use.  
  
Operation  
To operate the SAVER device, it must first be powered on, and the operator must ensure all 
components are receiving power. The critical components of the system are shown below. The 
first critical components are the stereo cameras, shown above in Figure 1. The NVIDIA Jetson 
that is attached to the stereo cameras needs to be fed 5V 3A through a MicroUSB wire. This can 
be done using a 5V power supply capable of outputting greater than or equal to 3A.  
 
  
Figure 1: Jetson and Cameras  
 
These cameras must be operational before deployment. This should be verified by connecting 
SAVER to a computer and verifying that the camera system is fully operational and reading data. 










Figure 3: Code Output Verification  
  
Below in Figure 3 is the Kerberos system with all 4 antennas. The Kerberos has 
two MicroUSB ports: one for power and one for data. Figure 4 shows the configuration of 
the inputs on the device, and Figure 5 shows the configuration of the antennas and their spacing. 
Make sure that all antennae and cables are secure in the Kerberos before plugging in. To 
download the software for the Kerberos and begin its initialization, follow the direction from this 
URL: https://github.com/rfjohnso/kerberossdr/.  
  










Figure 4: Diagram of KerberosSDR ports. Antennas should be connected 1-4 from left to right. 










Figure 5: Spacing diagram for the Kerberos antenna array.   
  
Once these critical components have been verified, the SAVER craft can be tested along 
with the tester beacon emitting 915 MHz. This craft does not have a set user, as we will be 
conducting all testing and operating of the device, rather than the true use case of oceanic 
deployment.   
  
Assembly/Repair  
The user should have to do little to no assembly work in order for SAVER to be 
operational. Since the user is an astronaut, and since the SAVER device will locate them 
automatically, the user should not need to do any set up in order fopr the device to be operated. 
Whoever is deploying the device, likely NASA will need to make sure that the device is fully 
functional prior to deployment.  
For the purposes of this team, the operator will be the team itself, verifying that the craft is 
operational. For future operational cases in which the device is not to be operated or directly 
overseen by a team member, the SAVER device will already be fully assembled, and the non-
team operator will have to do no assembly.  
If the craft becomes non-operational or is suspected to be unsafe to use, then it should be 
immediately removed from water (if applicable), powered off, and returned to the team for 
diagnoses and repair. As of now, only the team should perform repairs on the craft.  
  
Parts List  
For any necessary repairs, a list of parts for the device can be found in Appendix Y, the 
manufacturing plan. Every component needed for SAVER is listed within this document, as well 



















































Appendix L: Testing Procedures 
Although we did not end up testing our hardware along our previously written guidelines, 
the original testing procedures are attached below. 
 



















































































































































































































Appendix M: Gantt Chart 
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